The aim of the present study was to determine which medical variables were predictors of long-term behavioural/ emotional outcome after surgical correction for congenital heart disease in infancy and childhood.
Introduction
Over the last three decades, improvements in the medical and surgical treatment of congenital heart disease have significantly increased survival rates of affected children. However, little is known about the long-term behavioural development of congenital heart disease children who undergo surgery. Few follow-up studies have been conducted in this field and these often contained methodological flaws, such as small sample size and non-standardized assessment procedures, which makes it difficult to draw firm conclusions. Furthermore, several investigators reported contradictory results, varying from negative outcomes such as poor emotional, social or intellectual adjustment [1] [2] [3] [4] to favourable outcomes [5] [6] [7] . It has been suggested in the literature that several medical factors may put congenital heart disease children at increased risk of developing later adjustment problems, such as age at surgical repair, medical complications during or after surgery, number of operations, and concomitant extracardiac anomalies [5, 6] . However, the influence of these medical risk factors on long-term psychological outcome has not been thoroughly investigated.
The present study is part of a large follow-up study on long-term medical and psychological outcome in children, adolescents and young adults who have undergone surgery for congenital heart disease [8, 9] . In this follow-up we found that congenital heart disease children who have been operated upon showed, on average, significantly more behavioural/emotional problems than same-aged peers from normative reference groups [8] .
The aim of the present study was to determine which medical variables predicted long-term behavioural and emotional problems, in order to identify children who are at risk for later maladjustment. The main question was to what extent can long-term behavioural/emotional problems be predicted by: (1) biographical status (2) medical history (3) heart surgery (4) short-term postoperative course and (5) number of heart operations and (6) extra cardiac concomitant anomalies.
Methods

Inclusion criteria of the patient sample
All consecutive patients who underwent their first reparative open heart operation for congenital heart disease between 1 January 1968 and 1 January 1980 in the University Hospital of Rotterdam, and who were younger than 15 years at the time of surgery, were eligible for the large follow-up, which took place in the same hospital (1989-1991) [8, 9] . For the present study the upper age limit was 16.
Outcome variables
The Child Behavior Checklist (CBCL [10] [11] [12] ) was used to obtain standardized reports from parents on behavioural and emotional problems in their children. The CBCL contains 120 problem items and measures two broad areas: 'Internalizing' problems (consisting of the scales: Anxious/Depressed, Somatic Complaints, and Withdrawn Behaviour) and 'Externalizing' problems (consisting of: Aggressive Behaviour and Delinquent Behaviour). The scales Social Problems, Thought Problems and Attention Problems belong neither to 'Internalizing' nor to 'Externalizing'. The total problem score (on all 120 items) and the problem scores on Internalizing and Externalizing were the three outcome variables of this study. Table 1 shows six clusters of predictor variables which were chosen on theoretical and/or medical grounds and assessed through a thorough retrospective medical file search by a paediatric cardiologist (F.M.). The cluster 'extra cardiac concomitant anomalies' involved two variables, which could occur in combination: mental retardation and other physical complaints (renal, intestinal and other complaints, syndromes and neurological anomalies, i.e. epilepsia and hemiparesis). The variable hypothermia was dichotomized: 1=deep hypothermia (<22 ) with circulatory arrest, 2=moderate hypothermia (d22 ) with cardiopulmonary bypass. Six variables, selected beforehand, were excluded from statistical analyses. During the retrospective medical file search it became apparent that four variables were documented in an unreliable, subjective manner (asphyxia, number of hospitalizations, pre-operative complaints and medical result of heart surgery, as judged by a paediatrician, from 2 weeks to several years after heart surgery). For the variable 'aorta cross clamp time', too many data were missing (for 43 patients). The variable 'problems concerning bypass' was excluded since it occurred in only one patient.
Predictor variables
Assessment procedure
All patients were traced and approached uniformly and parents signed an informed consent before participating. Parents of the congenital heart disease patients completed the CBCL in the waiting room whilst their child underwent the follow-up examination. Afterwards, parents were interviewed by a psychologist (E.M.U.) regarding their answers.
Statistical analyses
A three-phase strategy was followed, for each of the three outcome measures. Linear regression analysis was applied with only main terms entered in the regression model. In phase 1, each of the separate predictor variables was tested on the CBCL outcome. This was done to explore the predictive quality of each predictor separately. In phase 2, each cluster (i.e. combination) of predictors was related to the CBCL outcome. Since this phase served as a first, broad selection of predictors, the P-values were set to levels of 0·20 (backward elimination procedure). Variables which remained in the regression model, applied to the clusters of predictor variables, were candidate predictors for the final model. In phase 3, the final model, all variables which remained in any regression model of phase two, were related simultaneously, jointly to the outcome (P-values were set at 0·051, backward elimination procedure). Variables which showed significant results in this final model were regarded as the final predictors of CBCL outcomes.
The distributions of the three outcomes were positively skewed, as could be expected since the CBCL can be regarded as an instrument for assessing psychopathology. In order to normalize the distributions, transformations were applied to each outcome by taking square roots on the problem scores added by 1 (since square roots can only be calculated on scores >0). In order to prevent multicollinearity, the tolerance level was checked. The variance inflation was not allowed to exceed the value of 3.
Results
For 144 10-15-year-old congenital heart disease patients usable CBCLs were provided by the parents (respondents: 91% mothers, 9% fathers). The response rate, corrected for deceased patients and persons lost to follow-up, was 87·3% (for a detailed description of the patient sample: see [8] ). Data were lacking on one or more of the (clusters) predictor variables for 19 patients. Table 1 shows the descriptive characteristics of patients for whom complete vs incomplete medical data were available. On two out of 15 predictor variables, significant differences between 'complete' and 'incomplete cases' were found. T-tests revealed no significant differences between the mean scores of 'complete' vs 'incomplete cases' on any of the three outcomes: Total Problem score, Internalizing and Externalizing. Therefore, it was considered justified to perform a 'complete case analysis' (i.e. to include only patients with complete medical data, n=125) in the regression analyses.
The miscellaneous diagnostic group consisted of small numbers of patients with a variety of congenital heart defects (nine total abnormal pulmonary venous drainages, two cortriatriatum, one infundibular pulmonary stenosis, one double outlet right ventricle, two aorta stenoses, one aortopulmonary window, one truncus arteriosus, one pulmonary atresia). Table 2 shows the results of phase 1 analyses. The betas presented are estimated standardized regression coefficients which express the strength of the relationship between each predictor variable and the outcome variable. The number of heart operations was the only variable which significantly predicted all three outcome measures. Deep hypothermic circulatory arrest was significantly associated with a higher total problem score. For reasons of parsimony, the results of phase 2 analyses are not presented here, since they only served as a first selection of predictors and as an in-between model. The results of the final prediction model are presented in Table 3 . Higher CBCL total problem scores were predicted by the number of heart operations and deep hypothermic circulatory arrest (<22 ). Internalizing problems were predictable by the number of heart operations, deep hypothermia, a relatively short duration of pregnancy, low systemic oxygen saturation, and older age at surgical repair. Higher externalizing problems were associated with a greater number of heart operations.
Discussion
The final prediction model of this study showed that the number of heart operations was a significant predictor of long-term behavioural and emotional problems in 10-15-year-old children who underwent surgery for congenital heart disease, as reported by their parents on the CBCL Total Problem Score and the Internalizing and Externalizing scales. In addition, deep hypothermic (<22 ) circulatory arrest was a significant predictor of long-term behavioural/emotional problems, as reported by parents on the total Problem Score and the Internalizing scale.
It has been argued that the medical severity of congenital heart disease has a major influence on a child's emotional adjustment. Outcome studies have often evaluated the effects of diagnosis per se and not the experiential aspects, such as number of hospitalizations or operations [13] . In this study, cardiac diagnosis per se was not a significant predictor of children's long-term adjustment. This finding is in line with the findings by DeMaso et al. [6, 13] , who did not find a relationship between the type and severity of the cardiac defect, by itself, and the emotional (mal)adjustment of children with congenital heart disease. Quinton and Rutter [14] , highlighted the negative relationship between multiple early hospitalizations and later behaviour disturbance [14] . In a sample of young pre-schoolers, referred to various mental health services (n=458), Koot [15] found that amongst the strongest correlates of problem behaviour were the frequency and duration of hospital stays. In our present study, the number of hospitalizations was not documented in a reliable manner. However, our finding, that the number of heart operations predicted long-term behavioural and emotional problems, is in line with the results regarding hospitalizations. Further statistical analysis showed that the relationship between cardiac diagnosis and number of heart operations was almost significant (Kruskal-Wallis npar test: chi-square=10,49, DF=5, P=0·06). In a total of eight patients who underwent three or four heart operations, seven had transposition of the great arteries or belonged to the miscellaneous group.
Some investigators have studied the relationship between deep hypothermic circulatory arrest and intellectual development [4, 16, 17] . Wells et al. [16] found a decrease in IQ, which was directly related to the duration of circulatory arrest. in 31 children who underwent hypothermia with a variety of lesions. Bellinger et al. [17] reported that the cognitive performance of young children was not associated with the duration of deep hypothermic circulatory arrest, but with the rate of cooling; they found an association between shorter cooling periods and lower cognitive scores. Recently, Oates et al. [4] found a definite relationship between lower IQs in 114 children and longer periods of circulatory arrest, with no evidence of a safe period for arrest. As far as we know, the relationship between deep hypothermic circulatory arrest and behavioural/emotional development has not been systematically studied before. In our present study, deep hypothermic circulatory arrest in combination with number of heart operations, appeared to predict long-term behavioural/emotional problems, as reported by parents on the Total Problem Score. Further statistical analysis showed that the relationship between hypothermia and cardiac diagnosis was significant (Fisher's exact test=35·51, DF=5, P<0·0001). Of 125 patients, 97 had received deep hypothermic circulatory arrest. Relatively few patients with atrial septal defect (2 of 7) or pulmonary stenosis (0 of 5) had received deep hypothermic circulatory arrest, in contrast to patients with the diagnoses ventricular septal defect (35 of 39), tetralogy of Fallot (16 of 23), transposition of the great arteries (32 of 33) and the miscellaneous group (12 of 18). This result should be interpreted carefully due to small cells.
In the conclusion of their study, Oates et al. [4] suggested that caution should be exercised in the use of deep hypothermic circulatory arrest 'when other techniques can be used without prejudicing the quality or safety of the surgical repair'. In view of our results (deep hypothermic circulatory arrest appeared to be a predictor of long-term behavioural/emotional problems), we agree with the conclusion of Oates et al. However, care should be taken when drawing firm conclusions since in our study the duration of deep hypothermic circulatory arrest and rate of cooling were not documented in a reliable manner. Several investigators have reported on the psychosocial sequelae of risk factors such as duration of pregnancy, hypoxia and age at surgical repair [1, 5, 7, 18, 19] . In a longitudinal study Weisglas-Kuperus et al. [18] found that parents of very low birth weight children with a gestational age <36 weeks reported significantly more CBCL-Internalizing problems when their children were 3·5 years of age, than parents of a comparison group. O'Dougherty et al. [5] found that prolonged hypoxia was one of several medical risk variables significantly associated with adverse psychosocial outcome in patients with transposition of the great arteries. In contrast, Oates et al. [7] recently found no adverse effect from prolonged hypoxia on the intellectual development of 81 children who had cyanotic heart disease (transposition of the great arteries and tetralogy of Fallot). They found no evidence of a detrimental effect of older age at operation in these children, as assessed by neuropsychological measures. Jedlicka-Kö hler et al. [19] reported that the length of interval between operation and psychological testing, but not age of repair, was a significant predictor of intellectual functioning. O'Dougherty et al. [5] stressed the importance of using multiple medical risk factors in assessing the risk potential of congenital heart disease children.
The strength of the present study is that we did not focus on individual risk factors, but selected clusters of combined variables, on medical grounds, to perform an efficient prediction. Furthermore, previous studies on the influence of hypoxia and age of surgical repair often focused on the intellectual development of congenital heart disease children. Our study aimed at gaining insight into the relationship between risk factors and the emotional development of congenital heart disease children. We investigated a large, consecutive series of patients of a selected age-range with a standardized assessment instrument and our response rate was high. Unfortunately, we could not include several variables (such as number of hospitalizations, aorta cross clamp time) in the statistical analyses because they had been documented in an incomplete or unreliable manner. To what extent these variables would have contributed to the final prediction model is a question which remains unanswered in this study.
In conclusion, we found that the number of heart operations and deep hypothermic circulatory arrest were significant predictors of long-term behavioural and emotional problems. Number of heart operations predicted 'externalizing problems'. Congenital heart disease children who showed more 'internalizing problems', had experienced a greater number of heart operations, had experienced deep hypothermic circulatory arrest, had a relatively short gestational age, a relatively low systemic oxygen saturation and were relatively old at surgical repair. These risk factors can be regarded as additive. In our opinion, in counselling congenital heart disease children and their parents, special attention should be paid to children who experienced the risk factors mentioned above, since these children appear to be at risk for developing long-term problem behaviour. We suggest that during regular examinations at the cardiac unit, the development of congenital heart disease children with these risk factors should be monitored. In combination with the use of the CBCL, the paediatric cardiologist should, depending on the age of the child, ask some screening questions, which focus on important areas of psychological functioning, such as: parent-child interaction, peer relations and school functioning. Then children having behavioural/emotional problems can be identified. We suggest that these children be offered a referral to a mental health professional, so that psychosocial counselling can be attuned to the needs of the children and/or parents. In the ideal situation, the mental health professional should be specialized in counselling chronically ill children (i.e. congenital heart disease children) and should be a member of the paediatric cardiological team.
